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(ii) ABSTRACT 
An analyses of occupational accidents (n=587) was completed for the years 
1989/90/91 for a major Australian water authority for injuries of five or more 
days lost time. The major sources of injury were identified for the organisation, 
the analysis included medical consequences, nature of injury, severity and the 
agency described as the harmful contact causing injury. 
Exposure data was gathered for the harmful contacts causing injury, mobile 
machinery, trucks, digging, excavation work, jack hammering, street 
box/manhole lids, and pipes. 
Exposure data was used to calculate the number of injuries per 1 million hours of 
operation, from this, severity rates for damages, claim expenses, compensation 
for lost income and estimated lost production were calculated. 
Sprain/strain injuries accounted for 69.2% of injury types of these 62% of the 
severity rate for damages, claim expenses and compensation for lost income, 
65.2% of the severity for estimated lost production were associated with back 
injuries representing 36.8% of all injuries. 
Trucks and mobile machinery were found to present the most severe source of 
occupational injury for the water authority, the average severity of an injury 
involving a truck being $16,324 and mobile machinery $18,325, representing 
double the severity of injuries from digging, excavation work, jack hammering, 
street box/manhole lids and pipes. Prevention activities related to design and 
purchasing are recommended. 
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1. INTRODUCTION 
1.1 Thesis Title and Aims 
The title of the thesis is "Sources of severe occupational injury in a major water 
authority." 
The aim of the thesis is to investigate the sources of severe occupational injury 
among water and sewage workers and develop severity/exposure data which can be 
related to the cost of using a particular machine or operational procedure. 
1.2 Selecting the Thesis 
In selecting the topic for this thesis, consideration was given to the availability of 
previous studies to identify sources of severe (>5 days lost time) occupational injury 
in the water and sewage industry in Australia. 
In South Australia alone, there were 1,768 occupational injuries in 1989/90/91 at a 
cost of $8.1 million in the water and sewage authority. (Source: Annual Report, 
Engineering & Water Supply Department.) 
In addition, injury research in Australia has not focussed on the utilisation of exposure 
data as a means for influencing prevention of severe occupational injury. 
1.3 Thesis Objectives 
1.3.1. To establish the main sources of severe occupational injury in a major water 
and sewage authority. 
1.3.2. To establish a suitable model for analysis of severity/exposure data 
associated with the main sources of injury in this organisation. 
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1.3.3. To offer suggestions and recommendations for injury prevention in the water 
and sewage industry. 
2. LITERATURE REVIEW 
2.1 Indirect Cost Studies 
A number of models have been developed to influence investment in prevention using 
direct and indirect costs of accidents. 
Brody et al (1990) reviewed the literature associated with these models extensively. 
The findings from this review were that several empirical indirect cost studies were 
available which used a variety of methodologies and had mixed results. The review 
revealed that some authors concluded that the magnitude of indirect costs were 
relatively small and therefore not an effective means of influencing prevention 
activities. The review found that conversely other authors concluded indirect costs 
were a potentially effective source of information that should be used to motivate 
investment in prevention of accidents. Overall the review identified differences in 
definition and methodology, some unconventional and questionable. Brody et al 
observed from this study the following: 
"By identifying the uninsured variable indirect costs and by circulating this 
information in cost-minimisation forms, accident reducing activities become 
perceived as more profitable and are expected to stimulate increased 
prevention." 
Workers Compensation Insurance 
Schrems (1976) explored the use of premiums for workers compensation insurance as 
a justified basis for improved prevention. The paper explains the experience rating 
system as implemented in California in 1974 and is based on the actuarial information 
collected by the insurance industry. He postulated the use of experience determined 
premiums from a three year period using a basic rate for normal loss experience and 
the determination of an experience modification factor applied to the basic rate to 
obtain an effective rate. It is suggested that the experience modification factor is 
determined by several variables, the frequency of losses, the severity, the expected 
frequency and severity indicators for the industry and size of plant. The formula is 
primarily an insurance formula and seems to be more concerned with frequency rather 
than the severity of losses. After calculating an experience factor and associated 
premiums, it is suggested that prevention motivations can be obtained by translating 
premiums which are based on actual losses, into savings from prevention activities. 
A Productivity Model 
Oxenburgh (1991) proposes a five stage cost calculation productivity model of work 
related injury costs as a means of improving the management of business and safety. 
The original of this model was developed by Dr P Liukkonen of Stockhom University 
in Sweden. The major thesis of the proposed model is that good workplace health and 
safety practice is good business. Oxenburgh suggests that management is trained to 
evaluate cost effectiveness and that type of information must be provided to them to 
influence prevention initiatives. The five stage model includes an analysis of the 
actual number of productive hours worked each year, the salary or wage costs per 
hour worked, remaining costs due to short term absences, employee turnover and 
training costs, productivity and quality losses due to short term absences. 
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The study subjects were semi-skilled and unskilled workers employed in a car 
manufacturing plant assembly line in Sweden. He suggests that the results from this 
study and the subsequent method of calculation is valid for all workplaces and as a 
demonstration of this, applies the model to an Australian clothing manufacturer. 
The productivity model is applied and used to justify improvement in health and 
safety by then estimating the expected productivity increase and calculating a 
pay-back period. 
Various studies have attempted to present models that are based on direct and indirect 
costs of accidents and injury as a means of drawing managements attention to injury 
prevention activities. 
The economic debate and associated models appear to have some difficulties. In 
addition to differing theories about costs definitions, disagreement also exists 
concerning the application of cost theories. 
Injury Exposure 
Few studies have attempted to use the debate of exposure and the application of 
appropriate models for influencing management behaviour concerning prevention. 
Cahill and Griffiths 
(1976) completed a study to determine the harmful factors associated with playing 
college football in the United States. Data was collected to determine injury exposure 
rates and activity risk factors from five major football teams. 
10 
The purpose of the study was to assemble a data bank which would provide schools 
with analysis and comparisons of injury exposure rates against a norm as a means of 
highlighting harmful practices that could be modified or eliminated. The study 
involved the measurement of time of exposure to activities which might cause injury. 
Exposure time in minutes for each activity or drill were recorded for each game for 
all players. Injury and exposure were then related to a specific activity and an activity 
risk factor calculated. 
Exposure and Severity 
Westman (1987) completed a study of 239 severe hand injuries among Swedish 
woodworkers using claims from compensation data from the year 1979 provided by 
the no fault liability and the occupational injuries information system in that country. 
The study identified the types of woodworking machinery involved in accidents 
resulting in severe hand injuries, the causes of accidents and the risks associated with 
the different machines. 
Severity rates based on the cost of days sick, constructive damages (costs associated 
with damages settlements), future loss of income and the length of stay in hospital for 
each injury was calculated having regard to machine operation. 
To better illustrate the accident risks of using particular woodworking machines, an 
exposure study was also conducted. 
Westman (1987) stated that: "A central issue for the study was to figure out 
how many hours various woodworking machines were used in production 
during 1979 and also how many people were working at the machines." 
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The collection of exposure data involved 33 branches of the Swedish W o o d Workers 
Union indicating the kind of production in which firms were engaged and how many 
wood-working workers they employed. Visits were also made to 10 furniture and 
carpentry firms to obtain descriptions of the extent to which certain types of machines 
were used and how many people were working at the machines. 
Severity data for each machine was expressed as a total of constructive damages, loss 
of future earnings, days off sick, and cost of days spent in hospital. Machine severity 
rates in relation to exposure were represented as a risk rate per million hours of 
operation multiplied by the severity rate cost. 
From this it was concluded that this relationship was an effective tool to direct 
important protective steps to protect operators of woodworking machines from severe 
hand injuries. 
Larsson (1988b) used modified data from Westman's 1979 data for a study of 687 
severe occupational injuries among Swedish woodworkers in 1983. For five 
woodworking machines identified as contributing severe occupational hand injuries to 
carpenters, exposure related severity data is presented. This and the study completed 
by Westman used the following definition of severity index. 
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The definition of the IPSO Severity Index used by Westman (1987) and Larsson 
(1988b) is as follows: 
"The basis of the severity rate is the individual injury. Its purpose is to arrive at a 
numerate parameter that can be used for comparisons and for ordering priorities 
between different types of injuries in the interest of greater safety. Four components 
make up the severity rate, which is expressed in kroner (SKr): 
1. Constructive damages, which are chiefly determined by degree of disability 
and age of victim. 
2. Loss of future income, ie contingent early retirement pension and/or 
occupational annuity. 
3. Days of acute sickness benefit are matched by lost income (one day's pay for 
a day's work). 
4. Day's in hospital, ie a conventionally estimated cost of hospitalisation." 
These four variables were calculated for each injury case and expressed in Swedish 
currency. Larsson use modified exposure data from Westman's 1979 disabling hand 
injury data and presents the data in two forms, the estimated severity per one million 
hours of operation and for the estimated time of operation in 1983. 
Severity per million man hours of operation indicated that the circular saw and 
smooth planer produce the most serious injury problem. For severity per estimated 
time of operation in 1983, the smooth planer and the milling machine present the most 
serious injury problem. 
Larsson (1988b) proposes that information systems on occupational accidents should 
link injury consequences to estimated exposure. 
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It is therefore not the intention that an economic argument be the basis for this study. 
Rather it is the intention to apply an index of severity and relate the costs associated 
with injury and accidents as an indication of severity for the purpose of demonstrating 
that the model has value in highlighting the severity of certain injuries and causes of 
injury. 
Strain Injury Projects 
Walker et al (1989) provided a detailed insight into how in 1981, Telecom Australia 
attempted to solve a similar strain/sprain injury problem. Briefly, an investigation 
team was formed with the purpose of identifying the manual handling hazards present 
in Telecom Australia workplaces. This investigation identified the following major 
sources of sprain/strain injury. 
A C C I D E N T C A T E G O R I E S 
Manholes and Pits 
M A J O R A C C I D E N T A G E N C I E S 
Lifting Manhole and Pit Covers 
Lifting Pits 
Entering/Leaving Pits 
Cabling Cable Hauling 
Moving/Lifting Cable Drums 
Hand Tools Shovels 
Knives 
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A C C I D E N T C A T E G O R I E S M A J O R A C C I D E N T A G E N C I E S 
Motor Vehicles Slips During Entry/Exit 
Loading /Unloading 
Mechanical Aids Operating Ditchers 
Handling/Operating Jack Hammers 
Loading/Unloading Trailers 
Operating Backhoes 
Miscellaneous Lifting Pillar Covers 
Handling Air Cylinders 
(Source Walker et al (1989)) 
This with an emphasis on ergonomic and engineering solutions lead to the redesign of 
a large range of equipment and the development of in house solutions to prevent 
future sprain/strain injuries from these sources. 
A recent follow up study (Hocking 1991) evaluated the cost-benefit of the manual 
handling project to Telecom Australia. Hocking found that although accident costs 
had decreased for the different intervention strategies, there was no evidence that the 
manual handling project reduced the incidence of back injury. He did report though 
that an outcome of the manual handling project was a favourable cost-benefit result 
with improved productivity. 
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3. METHOD 
3.1 Accident Data 
Accident data for the years 1989/90/91 was collected for a major Australian water 
authority from a data base of 2,817 worker's compensation claims. From this journey 
accidents, hearing loss claims and secondary disability claims were excluded resulting 
in 1,768 occupational injuries forming the total data collection. The data analysed was 
for injuries resulting in greater than five (5) days lost time (n=587). The workers 
compensation system in South Australia is a no-fault liability system and the 
Engineering and Water Supply Department is an Exempt Employer within the scheme 
and therefore self managing in relation to workers compensation claims. 
Data collected included 
• the year of accident 
• date of birth of claimant and therefore age 
• employment classification 
• a description of the circumstances of the accident 
• the nature of the injury 
• the part of the body injured 
• costs associated with the injury including damages 
• time lost as a result of the injury. 
The data does not include to and from work accidents (journey accidents) 
compensable under the South Australian legislation. 
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The analysis of the accident data included: 
• the medical consequences of injuries 
• injured body parts 
• injuries by employment classification 
• an analysis of injury costs 
• time lost as a result of injury 
• an analysis of the agencies described as the harmful contact in the accident. 
Severity 
Westman (1987) and Larsson (1988b) used an index of severity for four different 
aspects of injuries and this included: 
• the degree of disability 
• time lost due to injury 
• production lost by the individual linked to age 
• the need for medical treatment. 
This study uses a similar index of severity as Westman (1987) and Larsson (1988b) 
with the same purpose to arrive at a numerate parameter for comparisons and for 
ordering priorities between different types of injuries in the interest of greater safety. 
Four components make the severity rate in this study and these are expressed in 
dollars ($): 
1. Damages determined by disability, ie the percentage of disability and 
damages paid according to the table of rates in the Third Schedule of the 
South Australian Workers Rehabilitation & Compensation Act 1986. 
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2. Claim expenses, the cost of compensable medical treatment, hospitalisation, 
travel and pharmaceutical costs in connection with the injury. 
3. Compensation for lost income, through absence for the period of incapacity 
and calculated at 100% actual remuneration for the first 12 months of 
incapacity and at 80% for claims with lost time greater than 12 months. 
4. Estimated lost production to the organisation using an average overhead rate 
of $25.00/hour and is an average calculated for the employment 
classifications. 
3.3. Exposure Data 
In a similar manner to Westman (1987) and Larsson (1988b), an exposure study was 
conducted to establish how different machinery or operational tasks were used in the 
business of the water authority during 1989,1990 and 1991. 
Of primary importance for this study was to establish the number of hours employees 
were involved in the use of machinery or were carrying out operational activities that 
were described in accident reports as being the harmful contact causing injury. 
Key people in the seven (7) operating locations of the organisation were asked to 
provide employment activity data in relation to the period of time employees were 
engaged in the use of machinery or carrying out a particular task. To assist this 
process, they were provided with preprinted forms to complete, (see Appendix 1) 
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These forms were subdivided into the machinery, e.g. trucks, mobile machines, and 
operational activities, e.g. digging, excavation work, jack hammering, street 
box/manhole lids, and pipes. Information was also requested about the types of 
activities that might be occurring during the performing of operational activities e.g. 
in the task of digging, was a pick, shovel or crowbar used. In the case of machinery, 
eg tracks, was the injured person operating the truck or loading/unloading the truck. 
Visits were also made to two (2) of the operating locations where these activities were 
observed and work groups informally interviewed as a means of verifying the 
exposure data provided. The two (2) locations were selected on the basis of size of the 
workforce employed and representation of the business of the water authority. 
4. RESULTS 
4.1 Background 
The worker's compensation system in South Australia is a no fault liability system 
administered by a single insurer, the WorkCover Corporation, with the exception of 
some employers who are self insurers under the scheme. The water authority in that 
state is a self insurer and received 1,768 claims during the period 1989/90/91 at a 
direct cost of $8.1 million. Of these, 587 injuries resulted in greater than five days lost 
time from work and varying degrees of disabilities. Forty nine (8.3%) resulted in 
damages settlements as a result of a permanent disability. 
A n examination of injuries among water and sewage workers in South Australia 
indicates that there is a higher than average risk rate (x=1.32) for 35 - 65 year olds 
(see Table 1 & Graph 1). 
TABLE 1 
AGE GROUP INJURY CORRELATION 
INJURIES >5 DAYS LOST TIME (n=587) 
AGE 
GROUP 
16-19 
20-24 
25-29 
30-34 
35-39 
40-44 
45-49 
50-54 
55-59 
60-64 
65-
TOTAL 
NUMBER 
OF 
INJURIES 
1 
15 
30 
42 
64 
91 
63 
85 
88 
87 
21 
587 
NUMBER OF 
INJURIES/ 
100 EMPLOYEES 
0.02 
0.37 
0.74 
1.04 
1.58 
2.25 
1.56 
2.1 
2.17 
2.15 
0.52 
AVERAGE NUMBER OF INJURIES FOR ALL AGES = L32 
20 
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4.2 Occupational Groups 
For the study population, 40.5% (n=239) of injuries were suffered by maintenance 
men, 15.2% (n=89) to machine/plant operators, 5.3% (n=31) by plant mechanics/ 
servicemen, 4.4% (n=26) by construction workers and 4.6% (n=27) to truck drivers 
(see Table 2 & Graph 2). The remaining 30% of injured occurred to a variety of other 
occupational groups. 
With available average employment data, the incidence of injury is compared to the 
average number of employees by employment classification. In particular for 
occupational groups with a high incidence of injury the intention being that a 
comparison may be indicative of occupational risk as this is an important aspect of 
exposure. 
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Maintenance men comprise 21.4%, machine/plant operators 7.3%, plant 
mechanics/servicemen 1.9%, construction workers 4.2% and truck drivers 2.6% of the 
total average workforce of the period examined. 
TABLE 2 
INJURIES BY EMPLOYMENT CLASSIFICATION 
INJURIES >5 DAYS LOST TIME (n=587) 
EMPLOYMENT 
CLASSIFICATION 
Technical officer 
Sewerage/Water Operator 
Clerk 
Turncock 
Machine/Plant Operator 
Supervisor 
Plant Mechanic/Servicemen 
Fitter & Turner 
Truck Driver 
Carpenter 
Boilermaker/Welder 
Maintenance Man 
Motor Mechanic 
Storeperson 
Construction 
Moulder Dresser 
Electrical/Instrument Fitter 
Meter Reader 
Plumbing & Drainage Inspec. 
Concrete Worker 
Other 
TOTAL 
NO. 
INJURIES 
15 
7. 
15 
5 
89 
9 
31 
5 
27 
10 
20 
239 
10 
17 
26 
6 
15 
7 
10 
9 
15 
587 
% 
2.6 
1.2 
2.6 
0.9 
15.2 
1.5 
5.3 
0.9 
4.6 
1.7 
3.4 
40.5 
1.7 
2.9 
4.4 
1 
2.6 
1.2 
1.7 
1.5 
2.6 
100 
AVERAGE 
EMPLOYEE 
BY CLASS 
1989/90/91 
342 
* 
579 
* 
284 
* 
75 
* 
116 
* 
* 
839 
* 
86 
167 
* 
* 
* 
* 
* 
* 
3,921 
% TOTAL 
EMPLOYEES 
8.7 
14.8 
7.3 
1.9 
2.6 
21.4 
2.2 
4.2 
100 
* Data not Available 
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GRAPH 2 
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Medical Consequences 
Sprain/strain injuries accounted for 69.2% (n=406) of injury types with back injuries 
presenting 36.8% (n=215) of all injuries. Of these injuries, 19 involved a permanent 
disability and accounted for 38.8% of those injuries resulting in a damages disability 
settlement, (see Table 3 & Graph 3). 
TABLE 3 
MEDICAL CONSEQUENCES OF INJURY 
INJURIES >5 DAYS LOST TIME (n=587) 
T Y P E O F 
INJURY 
Fracture 
Dislocation 
Contusion/Crush 
Laceration 
Sprain/Strain 
Burns/Scalds 
Abrasions 
Stress/Anxiety 
Multiple Injuries 
Poisoning 
Effects of Weather 
Foreign Body 
Hernia 
Miscellaneous 
TOTAL 
NUMBER 
INJURIES 
32 
1 
50 
43 
406 
10 
2 
13 
3 
4 
3 
6 
5 
9 
587 
% 
5.5 
0.2 
8.5 
7.3 
69.2 
1.7 
0.3 
2.2 
0.5 
0.7 
0.5 
1 
0.9 
1.5 
100 
GRAPH 3 
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Type of Injury 
Permanent disability sprain/strain injuries occurred to those workers in the higher than 
average age risk rate population. Shoulder and arm injuries also contributed to the 
incidence of sprain/strain injuries 4.9% (n=29) and 6.1% (n=36) respectively. 
Contusion/crash injuries represented 8.5% (n=50) of the population as did lacerations 
7.3% (n=43) and fractures 5.5% (n=32) these mainly occurring to the hands, legs, feet 
and ankles (see Table 4 & Graph 4). 
TABLE 4 
INJURED PART OF BODY 
INJURIES >5 DAYS LOST TIME (n=587) 
BODY 
PART 
Feet & Ankle 
Leg 
Hand 
Back 
Chest 
Heart 
Abdomen 
Neck 
Knee 
Nervous System 
Shoulder 
Arm 
Head 
Groin 
Multiple Locations 
Respiratory System 
Eye 
T O T A L 
NUMBER 
INJURIES 
55 
27 
76 
215 
12 
3 
22 
24 
30 
13 
29 
36 
13 
11 
11 
4 
6 
587 
% 
9.4 
4.6 
12.9 
36.8 
2 
0.5 
3.7 
4.1 
5.1 
2.2 
4.9 
6.1 
2.2 
1.9 
1.9 
0.7 
1 
100 
26 
GRAPH 4 
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Injuries to the nervous system represented by n=13 or 2.2% of the population is 
described in accident reports as a stress/anxiety injury or the inability to cope with the 
working environment. Ten (10) of these (76.9%) occurred to workers in the 40 - 54 
year old population age group. None of the injuries to the nervous system resulted in a 
disability settlement payment for permanent disability. 
4.4 Severity Rate 
The severity rate for damages, claim expenses, compensation for lost income of 
injuries of greater than five days lost time for the period 1989/90/91 was found to be 
$2,656,853. Time lost through injury totalled 3,405.8 weeks representing a severity 
rate for estimated lost production of $3,235,510. 
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Sprain/strain injuries represented 6 2 % of the total of severity rate for damages, claim 
expenses, compensation for lost income of injuries and 65.2% of time lost resulting in 
a severity rate for estimated lost production of $2,109,095. Stress/anxiety injuries 
represented 13 (2.2%) of injuries and 7.5% of the severity rate for estimated lost 
production of $243,390. (see Table 5 and Graph 5). 
T A B L E 5 
SEVERITY (Damages. Claim Expenses. Compensation for lost Income) 
INJURIES >5 DAYS LOST TIME (n=587) 
INJURY 
Sprains/Strains 
Stress/Anxiety 
Fractures 
Contusions/Crush 
Lacerations 
Other * 
TOTAL 
NO. 
INJ. 
409 
13 
32 
50 
43 
40 
587 
% 
69.7 
2.2 
5.5 
8.5 
7.3 
6.8 
100 
SEVERITY 
$1,647,085 
$157,822 
$148,365 
$172,645 
$91,899 
$439,037 
$2,656,853 
% 
TOTAL 
SEVERITY 
62 
5.9 
5.6 
6.5 
3.5 
16.5 
100 
AVERAGE 
COST/INI 
$ 
$4,027 
$12,140 
$4,636 
$3,453 
$2,137 
$10,976 
$4,526 
LOST 
TIME 
(WEEKS) 
2,220.1 
256.2 
168.6 
227.6 
127.8 
405.5 
3,405.8 
"/.TOTAL 
TIME 
LOST 
65.2 
7.5 
5 
6.7 
3.8 
11.8 
100 
AVERAGE 
LOST TIME/IN J. 
(WEEKS) 
5.4 
19.7 
5.3 
4.6 
3 
10.1 
5.8 
* includes 9 injuries incurring $232 046 
No particular occupational group contributed to stress/anxiety injury, although 
Maintenance Men and Clerks accounted for 61.5% (n=8) of these injuries. 
The average lost time for a sprain/strain injury was found to be 5.4 weeks indicating 
the influence of the debilitating outcome from the high proportion of sprain/strain 
injuries to the back in this instance. 
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GRAPH 5 
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The Data 
The aim of this study was to examine machinery or operational tasks identified as 
being the major sources of injury. Table 6 represents the 52 machinery, operational 
tasks or those activities extracted from accident reports and identified as the thing or 
harmful contact producing the injury. 
Seven (7) harmful contacts were selected to test exposure and severity data on the 
basis of firstly their relationship to sprains/strain injuries and secondly, an assumption 
that reasonably accurate exposure data may be gathered with respect to them. 
TABLE 6 
AGENCY DESCRIPTION LNVOLVED IN ACCIDENT (n= 52) 
INJURIES >5 DAYS LOST TIME (n=587) 
AGENCY 
Trucks 
Lids/Manhole Covers 
Chemicals 
Chainsaws 
Keyboards 
Seating 
Mobile Machinery 
Digging 
Motor Vehicles 
Welding Equipment 
Threadcutting Equipment 
Compressors/Pumps 
Hand Tools 
Lathe 
Circular Saw 
Floor Surface 
Grinder 
Jackhammers 
Power Tools 
Concrete Vibrator 
Caravan Access 
Slashers 
Power Hacksaw 
Scaffolding 
Valves 
Pipecutters 
N U M B E R 
INJURIES 
29 
16 
6 
4 
2 
2 
29 
38 
19 
4 
1 
3 
21 
2 
1 
57 
3 
14 
7 
1 
4 
3 
1 
3 
9 
6 
% 
4.9 
2.7 
1 
0.7 
0.3 
0.3 
4.9 
6.5 
3.2 
0.7 
0.2 
0.5 
3.6 
0.3 
0.2 
9.7 
0.5 
2.4 
1.2 
0.2 
0.7 
0.5 
0.2 
0.5 
1.5 
1 
AGENCY 
Rodders 
Whackers 
Cranes 
Dragging Machines 
Pavement Breaker 
Stressful Work Environment 
Outdoor Exposure 
Pipes 
Fire Plugs 
Building/Structure 
Stairway 
Animals 
Excavations 
Fumes 
Pressure Air/Hydraulic 
Flying Object 
Falling Object 
Safety Footwear 
Roadworks 
Lifting 
Repetitive Work 
Posture 
Carrying 
Push/Pulling Object 
Other 
Unknown 
TOTAL 
NUMBER 
INJURIES 
2 
3 
1 
2 
1 
16 
6 
33 
4 
2 
8 
2 
17 
1 
1 
7 
12 
4 
2 
72 
8 
17 
15 
30 
16 
20 
587 
% 
0.3 
0.5 
0.2 
0.3 
0.2 
2.7 
1 
5.6 
0.7 
0.3 
1.4 
0.3 
2.9 
0.2 
0.2 
1.2 
2 
0.7 
0.3 
12.3 
1.4 
2.9 
2.6 
5.1 
2.7 
3.4 
100 
The following Tables 7 to 13 represent the breakdown of the harmful contacts 
selected on this basis. 
* Trucks - 5.0% 
* Mobile Machinery - 5.0% 
* Digging - 6.6% 
* Excavations - 2.9% 
* Jack Hammers - 2.4% 
* Lids/Manhole Covers - 2.8% 
* Pipes - 5.7% 
4.5.1 Trucks 
Of the 29 injuries where trucks were described as the harmful contact, 21 
(72.4%) were sprains/strain injuries, 1 (3.4%) a fracture and 7 (24.1%) 
contusion/crush injuries. 
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TABLE 7 
ACCIDENTS WHERE TRUCKS WERE DESCRIBED AS THE HARMFUL CONTACT 
INJURIES >5 DAYS LOST TIME (n=29) 
ACTIVIT Y 
Fell from tray 
Unloading 
Getting into/out of truck 
Driving/Travelling 
Closing tail gate 
Collisions 
Struck by reversing truck 
TOTAL 
5 
1 
13 
4 
3 
1 
2 
29 
SPRAIN/ 
STRAIN 
2 
1 
11 
3 
2 
1 
1 
21 
INJURY 
FRACT. 
1 
0 
0 
0 
0 
0 
0 
1 
CONT7 
CRUSH 
2 
0 
2 
1 
1 
0 
1 
7 
SEVERITY 
* 
($) 
$73,092 
$2,477 
$50,314 
$68,039 
$6,210 
$470 
$3,079 
$203,681 
LOST 
TIME 
(WEEKS) 
101.2 
4.2 
73.4 
59 
11.5 
1 
4.8 
284.1 
AVGLT 
INJURY 
(WEEKS) 
20.2 
4.2 
5.6 
14.8 
3.8 
1 
2.4 
9.8 
Severity (damages, claim expenses, compensation for lost income) 
Getting into and out of trucks resulted in 13 of the injuries (44.8%), 11 of 
which were sprain/strain injuries. One of the sprain/strain injuries resulted in 
43 weeks lost time. Five (17.2%) injuries occurred as a result of falling from 
the tray of the truck, one of which resulted in 84 weeks lost time from a 
sprain/strain injury. Driving trucks to and from work sites produced 4 
(13.8%) of injuries, 3 of which were sprain/strain related, one resulting in 
51.8 weeks lost time. The latter injuries are attributed to the hard 
suspensions and incompatible seating arrangements often experienced by 
operators of this type of vehicle in poor terrain conditions. 
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Mobile Machines 
Of the 29 injuries involving mobile machinery, 22 (75.9%) were sprain/strain 
injuries, 2 (6.9%) fractures, 2 (6.9%) contusion/crush injuries and 3 (10.3%) 
lacerations. 
T A B L E 8 
ACCIDENTS WHERE MOBILE MACHINERY WERE DESCRIBED AS 
HARMFUL CONTACT 
INJURIES >5 DAYS LOST TIME (n=29) 
ACTIVITY 
Operating Front End Loader 
Operating Machine (unspec) 
Operating Forklift 
Operating Backhoe 
Operating Bobcat 
Inspec/Mtce of Machinery 
Caught btwn mach & object 
Caught btwn machine parts 
Fall from machine 
Operating Excav. (grabber) 
Access in/out machinery 
TOTAL 
3 
2 
7 
3 
1 
4 
2 
1 
1 
3 
2 
29 
SPRAIN/ 
STRAIN 
3 
2 
5 
2 
1 
4 
0 
0 
1 
3 
1 
22 
INJURY 
FRACT. 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 
0 
2 
CONT. 
0 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
2 
LACER. 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
1 
3 
SEVERITY 
* 
($) 
$18,635 
$7,241 
$31,477 
$9,047 
$10,819 
$7,824 
$3,850 
$63,311 
$1,544 
$46,390 
$2,439 
$202,577 
LOST TIME 
(WEEKS) 
37.2 
8.4 
28.5 
7.8 
9.6 
10.6 
5.4 
12.8 
2.1 
71.3 
4.1 
197.8 
AVGLT 
INJURY 
(WEEKS) 
12.4 
4.2 
4.1 
2.6 
9.6 
2.7 
2.7 
12.8 
2.1 
23.8 
2.1 
6.8 
Severity (damages, claim expenses, compensation for lost income) 
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Nineteen (65.5%) of the injuries involving mobile machinery resulted from 
the act of operating the machines, 16 (84.2%) being sprain/strain injuries. 
Operating a forklift resulted in 7 (24.1%) of the injuries, 5 (17.2%) were 
sprain/strains and attributed to travelling surfaces and the suspension 
characteristics of this type of equipment. Operating an excavating grabber 
resulted in 3 (10.3%) of injuries, all of which were sprain/strain in nature. 
The severity of these injuries were such that the time lost as a result of these 
injuries is approximately three times that of the average lost time for this 
type of injury. Being caught between machine parts resulted in 1 (3.4%) 
injury that resulted in a permanent disability damages settlement and 12.8 
weeks lost time. 
Digging 
Of the 38 accidents where digging was described as the harmful contact 35 
(92.1%) resulted in sprain strain injuries. Of these 24 (63.2%) were from 
shovelling, 8 (21.1%) from using a crowbar and 6 (15.8%) from using a 
pick. 
Crowbar 
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TABLE 9 
ACCIDENTS WHERE PIGGING WAS DESCRIBED AS THE HARMFUL CONTACT 
INJURIES >5 DAYS LOST TIME (n=38) 
ACTIVITY 
Shovelling 
Using a Crowbar 
Using a Pick 
24 
8 
6 
38 
SPRAIN/ 
STRAIN 
23 
7 
5 
35 
INJURY 
CONT 
1 
1 
0 
2 
LACER. 
0 
0 
1 
1 
SEVERITY 
* 
($) 
$63,308 
$28,468 
$42,286 
$134,062 
LOST TIME 
(WEEKS) 
92.2 
45.7 
72.6 
210.5 
AVGLT 
INJURY 
(WEEKS) 
3.8 
5.7 
12.1 
5.5 
* Severity (damages, claim expenses, compensation for lost income) 
Injuries occurring from using a pick were the most severe. Whilst no 
damages settlements arose from these injuries, the average lost time from 
being injured using a pick is 12.1 weeks. 
4.5:4 Excavations 
Seventeen (17) injuries resulted from working in and around excavations. Of 
these 11 (64.7%) were sprain/strain injuries, 2 (11.8%) were fractures, 3 
(17.6%) contusion/crush injuries and 1 (5.9%) a laceration. 
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TABLE 10 
ACCIDENTS WHERE EXCAVATIONS WERE DESCRIBED AS HARMFUL CONTACT 
INJURIES >5 DAYS LOST TIME (n=37) 
ACTIVITY 
Access into/out of 
Material fell into excavation 
Climbing over objects 
Fell into excavation 
Fell whilst in excavation 
Trench Collapse 
7 
2 
1 
2 
3 
2 
17 
SPRAIN/ 
STRAIN 
5 
1 
1 
1 
2 
1 
11 
INJURY 
FRACT 
0 
0 
0 
1 
1 
0 
2 
CONT7 
CRUSH 
1 
1 
0 
0 
0 
1 
3 
LACER. 
1 
0 
0 
0 
0 
0 
1 
SEVERITY 
* 
($) 
$31,885 
$4,769 
$540 
$8,287 
$4,885 
$1,400 
$51,766 
LOST TIME 
(WEEKS) 
24.4 
9.6 
1 
11 
8 
2.4 
56.4 
AVGLT 
INJURY 
(WEEKS) 
3.5 
4.8 
1 
5.5 
2.7 
1.2 
3.3 
* Severity (damages, claim expenses, compensation for lost income) 
Access into and out of excavations resulted in 7 (41.2%) of injuries, 5 
(29.4%) being sprain/strain injuries. The average time lost as a result of an 
injury in an excavation was 3.3 weeks. 
4.5.5 Jack Hammers 
All 14 injuries where jack hammers were described as the hammil contact 
were sprain/strain injuries. 
TABLE 11 
ACCIDENTS WHERE JACKHAMMERS WERE DESCRIBED AS THE HARMFUL CONTACT 
INJURIES >5 DAYS LOST TIME (n=14) 
ACTIVITY 
Operating Jackhammer 
Lifting Jackhammer 
INJURY 
SPRAIN 
STRAIN 
12 
2 
14 
SEVERITY 
* 
($) 
$20,832 
$9,681 
$30,513 
LOST TIME 
(WEEKS) 
37.8 
15.2 
53 
AVGLT 
INJURY 
(WEEKS) 
3.2 
7.6 
3.8 
* Severity (damages, claim expenses, compensation for lost income) 
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Of these 12 (85.7%) resulted from operating a jack hammer the remaining 
two injuries (14.4%) from lifting a jack hammer. 
4.5.6 Street Box/Manhole Lids 
Of the 16 injuries occurring with street box/manhole/sump lids 14 (87.5%) 
were sprain/strain injuries and 2 (12.5%) lacerations. 
TABLE 12 
ACCIDENTS WHERE STREET BOX/MANHOLE/SUMP LIDS WERE DESCRIBED AS 
THE HARMFIJL CONTACT 
INJURIES >5 DAYS LOST TIME (n=16) 
A<mVTTY 
Lifting lid ** 
Lifting & Sliding 
Rolling lid 
Pushing lid 
Carrying 
11 
2 
1 
1 
1 
16 
INJURY 
SPRAIN/ 
STRAIN 
9 
2 
1 
1 
1 
14 
LACER. 
2 
0 
0 
0 
0 
2 
SEVERITY 
* 
($) 
$28,903 
$3,449 
$897 
$950 
$921 
$35,120 
LOST TIME 
(WEEKS) 
41.8 
5.6 
1.6 
1.4 
1.2 
51.6 
AVGLT 
INJURY 
(WEEKS) 
3.8 
2.8 
1.6 
1.4 
1.2 
3.2 
* Severity (damages, claim expenses, compensation for lost income) 
** 5 of reported injuries, a pick was used to lift the lid 
Eleven (68.8%) injuries were the result of lifting lids, nine of which (81.8/%) 
sprain/ strain injuries. Of the injuries where lifting lids produced 
sprain/strain injuries, 5 (45.5%) involved lifting the lid using a pick. 
The average lost time from injuries involving the handling of street 
box/manhole/sump lids was found to be 3.2 weeks. 
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4.5.7 Pipes 
Of the 33 injuries occurring where pipes were described as the harmful 
contact, 22 (66.7%) resulted in sprain/strain injuries, 5 (15.2%) fractures, 2 
(6.1%) lacerations, 2 (6.1%) contusion/crush injuries and 2 (6.1%) foreign 
bodies in eyes. 
TABLE 13 
ACCIDENTS WHERE PIPES WERE DESCRIBED AS THE HARMFUL CONTACT 
INJURIES >5 DAYS LOST TIME (n=33) 
ACTIVITY 
Lifting pipes 
Levering pipes 
Carrying pipes 
Cutting pipes 
Grinding pipe 
Caught between pipes 
Doing up bolts 
Push/Pulling pipes 
Cleaning pipes 
Working under pipes 
Climbing over pipe 
• • • • 
10 
2 
4 
5 
1 
1 
2 
4 
1 
2 
1 
33 
SPRAIN/ 
STRAIN 
9 
1 
1 
3 
0 
0 
2 
3 
1 
2 
0 
22 
FRACT. 
0 
1 
2 
0 
0 
1 
0 
0 
0 
0 
1 
5 
INJURY 
LACER. 
0 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
2 
CONT7 
CRUSH 
1 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
2 
FORGN 
BODY 
0 
0 
0 
1 
1 
0 
0 
0 
0 
0 
0 
2 
SEVERITY 
* 
(S) 
$40,468 
$7,074 
$10,252 
$10,019 
$1,046 
2,489 
1,596 
17,525 
3,078 
2,363 
1,053 
$96,963 
LOST TIME 
(WEEKS) 
57.1 
4 
20.2 
15.3 
1.8 
1.6 
2.6 
29.6 
2.2 
5 
1.6 
141 
AVGLT 
INJURY 
(WEEKS) 
5.7 
2 
5.1 
3.1 
1.8 
1.6 
1.3 
7.4 
2.2 
2.5 
1.6 
4.3 
* Severity (damages, claim expenses, compensation for lost income) 
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Ten injuries (33.3%) involved the task of lifting pipes and 9 of these resulted 
in sprain/strain injuries, 1 (10%) a contusion/crush injury. Lifting and 
carrying pipes, push/pulling pipes resulted in 5.7, 5.1 and 7.4 weeks average 
lost time respectively. The inference here is that the outcome in terms of 
injury for these accidents were more severe than for other injuries involving 
pipes. 
Exposure and Severity Data 
Exposure in hours was estimated for the seven operational tasks and machinery 
selected (see Appendix 2 - Sample Exposure Data Sewage Collection Group). The 
number of injuries for each of these categories per 1 million hours of exposure were 
calculated and are presented in Table 14. 
TABLE 14 
EXPOSURE/SEVERITY DATA 
AG E N C Y 
Trucks 
Mobile Machinery 
Digging 
Excavation Work 
Jack bamme ri n g 
Streetbox/ Manhole Lids 
Pipes 
HOURS 
EXPOSURE 
407,953 
586,342 
646,363 
976,056 
275,767 
551,937 
642,083 
INJURIES/ 
1M HOURS EXP. 
71 
49.5 
58.8 
17.6 
50.8 
28.9 
51.4 
SEVERITY/ 
1M HOURS EXP. 
$ 
498,633 
586,342 
207,443 
53,593 
110,784 
63,436 
151,027 
EST. LOST 
PRODUCTION/ 
1M HOURS EXP. 
$ 
660,728 
320,725 
309,435 
55,465 
182,698 
86,519 
208,625 
From this two rates are presented, severity per 1 million hours of exposure and 
estimated lost production per 1 million hours of exposure. 
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5. DISCUSSION 
5.1 Discussion of Results 
Trucks and digging present as the most serious risk rate of 71 and 58.8 injuries 
respectively per 1 million hours of exposure. Pipes 51.4, jack hammering 50.8 and 
mobile machinery 49.5 also require mention as similar serious injury problems when 
examined using this criteria. When severity per 1 million hours of exposure is 
examined, trucks ($498,633) and mobile machinery ($586,342) present as the most 
serious injury problem with mobile machinery being the more serious of the both. 
Digging ($207,443), pipes ($151,027) and jack hammering ($110,784) do not present 
as the same problem as trucks and mobile machinery when examined on the basis of 
;
 i". 
severity. 
When the rates for estimated lost production/1 million hours exposure is examined, 
trucks ($660,728) present by far the most serious injury problem and is an indication 
of tlie incapacity of injuries from this source. Mobile machinery ($320,725) and 
digging ($309,435) present as the next most serious injury problem followed by pipes 
($208,625), jack hammering ($182,698), street box/manhole lids ($86,519) and 
excavation work ($55,465). 
Of significance here with trucks, digging, jackhammering and pipes is the severity in 
relation to damages, claim expenses and compensation for lost income associated 
with these injuries, they are less than the severity in relation to estimated lost 
production (see Graph 6). Often analysis of accident costs simply focus on direct 
costs. 
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5.2 The Significance of the Exposure Model 
The picture changes when the two rates of severity (damages, claim 
expenses, compensation for lost income)/l million hours exposure and 
severity (estimated lost production)/l million hours exposure are combined. 
(see Graph 6) 
GRAPH 6 
TOTAL SEVERITY OF INJURIES 
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Trucks present as the most serious injury problem ($1,159,361) with mobile 
machinery closely following as a serious problem ($907,067) per 1 million hours of 
exposure. The difference in this instance being that severity (estimated lost 
production) for mobile machinery are substantially less than trucks and therefore 
indicating a lesser degree of disability from these injuries. Clearly through, utilisation 
of the exposure model has influence the outcome and significance of this analysis in 
relation to trucks and mobile machinery. 
Tracks Mobile Digging Excavation Jack Stieetbox/ Pipes 
Machiaay Wodc hammering Mmhole 
Lids 
Harmful Contact 
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Digging ($516,878) presented as the third most serious injury problem, followed by 
pipes ($359,652), jack hammers ($293,482), street box/manhole/sump lids ($149,955) 
and excavation work ($109,058). 
The average severity of injury per one (1) hour exposure is represented in Graph 7. 
GRAPH 7 
AVERAGE SEVERITY OF ^JURY/HARMFUL CONTACT 
The picture again changes when the average severity of injury is presented on the 
basis of one (1) hour exposure. Mobile machinery injuries are the most costly on 
average ($18,324) per one hour exposure closely followed by trucks ($16,329). Never 
the less, both present serious injury problems when compared to digging ($8,790), 
pipes ($6,997), excavation work ($6,196), jack hammering ($5,777) and street box/ 
manhole/sump lids ($5,188). 
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Age and Risk Rate 
In similar studies the pattern has been that low age and high risk accident rate appear 
to correlate (Westman 1987). The higher than average risk rate for 35 - 65 year olds 
in the water authority correlates with the low number of below 35 year old employed 
during the period being examined. 
Although an aspect not examined this study, and important issue of exposure and a 
possible bias in the result is the correlation between age and employee selection to 
undertake certain tasks. For example older employees who are more prone to suffer 
long term consequences if they have an accident associated with a sprain/strain injury 
to the back, m a y be engaged in driving tucks, using mobile machinery and digging. 
Younger employees m a y be similarly involved in lifting manhole covers, excavation 
work, jackhammering and tasks involving the use of pipes. 
None of those injured were females, the number of females employed in the water 
authority is 8 % with 6.25% of these employed in clerical functions, and not the high 
risk occupational groups experiencing the greater proportion to injuries. 
Stress/Anxiety 
Stress/anxiety injuries are a cause for concern. Although representing only 2.2% 
(n=13) of the population and 5.9% of the direct injury costs, the lost production cost 
from such an injury were found to be four times that of a sprain/strain injury and 
averaging 19.7 weeks lost time per injury. 
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Limitations of the Study 
Several aspects of the study warrant further discussion. Firstly for a small fraction of 
accident reports (6.1%) it was not possible to identify the machine or operational task 
that was the harmful contact. 
Secondly, some accident descriptors were too general and permitted only a part 
allocation of the agency or activity involved in the accident. For example, 24.2% 
(n-142) of sprain/strain injuries were identified as lifting, repetitive work, poor 
posture, carrying or pushing. This would have been more useful if it could have been 
associated with the activities of using a machine or carrying out a particular task they 
obviously contributed to the high incidence of sprain/strain injury. 
Thirdly, medical costs and disability settlements for some of the 1990 and 1991 data 
had not been finalised and therefore these costs would be marginally understated. 
Fourthly, available, reliable exposure data which indicates how employees are 
exposed to the different risks and the extent to which they are exposed is difficult to 
collect under these collection conditions and therefore the data used is an estimate. 
The gathering of exposure information is not incorporated in the accident 
investigation process and therefore could not be considered as precise. 
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Manual Handling 
Strain/Sprain injuries present as a particular problem in this study. 
The incidence of sprain/strain injury identified in this study requires special mention. 
This study has not sought to simply identify the incidence of injury associated with 
manual handling but rather identify a range of sources of serious occupational injury 
to which exposure can be related as a means to assist prevention. 
Sprain/strain injuries are a serious occupational injury problem for the water authority 
representing 62% of the total direct cost of injury and 65.2% of the direct cost of lost 
production. 
The main occupational groups experiencing the bulk of sprain/strain injuries have 
been identified and arise from maintenance men (40.5%), machine/plant operators 
(1^.2%), plant mechanic/servicemen (5.3%) truck drivers (4.6%) and construction 
workers (4.4%). 
Sprain/strain injuries occurred mainly in the higher than average risk rate age groups, 
back injuries (36.8%) represented a significant proportion of sprain/strain injuries 
along with arm, leg ,neck and shoulder injuries. 
In recent years there has been an ergonomic approach to the prevention of manual 
handling injuries. Worksafe Australia and State Governments including the South 
Australian Occupational Health and Safety Commission have produced codes of 
practice on manual handling. The approach of these codes has been to introduce to 
workplaces a process of risk identification, assessment and control and control 
evaluation. 
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RECOMMENDATIONS 
6.1 Design 
The results of this study present particular challenges in relation to the design of 
mobile machinery and trucks. 
Mobile machinery and trucks are the most expensive sources of injury in this instance 
and therefore requiring special attention in relation to design. 
The sources of injury from mobile machinery and trucks extend from the design of 
access, seating, suspension design and controls. Clearly there is a significant role here 
for designers and manufacturers of this equipment in relation to the application of 
ergonomic design principles at the design stage. 
Other sources of injury highlight the need to pay attention to designing lifting 
appliances for the handling of pipes, the lifting of all types of manhole lids, 
redesigning excavation methods in relation to access and redesigning work to 
eliminate manual work associated with shovelling and the use of jack hammers. 
Purchasing 
There are implications for the purchasing arrangements in this organisation and 
particular attention needs to be given to the following considerations: 
* The development of an appropriate purchasing policy that incorporates a 
process of hazard evaluation. 
* Documented purchasing procedures to ensure inclusion of the hazard 
evaluation process. 
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* The provision of training in hazard management for those involved in 
purchasing. 
* The documenting of all Occupational Health and Safety requirements in 
tender specifications and purchasing contracts. 
* The end users, supervisors and health and safety representatives must be 
involved at the design requirement stage and the product assessment stage 
prior to purchase. 
* The purchasing process must also incorporate the process of vetting the 
product for compliance with contract specifications 
Of particular relevance to this study are the purchasing specifications for mobile 
machinery and trucks. The prevention of injury in relation to this equipment should 
focus on the arrangements for access, seating, suspensions and controls. 
6.3 Data Collection 
Larsson (1988b) suggests that when collecting injury information, injury 
consequences should also be measured. The accuracy of accident causation, severity, 
injury consequences is an important aspect of record keeping and the relationship to 
the prevention of injuries. 
One of the aims of this study was to establish the main sources of occupational injury 
for the water authority. This process has been to a small degree hampered in some 
instances by not being able to allocate the harmful contact that resulted in injury. The 
data for this study was provided from a workers compensation claims management 
data, the sole purpose of the system being the management of workers compensation 
claims, not the prevention of injury. 
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In addition to utilising a more precise coding system, operators of this system should 
be trained in accident prevention techniques so as to ensure that future data collections 
permit a more precise identification of injury causation. 
As in other studies (Westman 1987 and Larsson 1988) the benefit of relating how 
workers expose themselves to different risks and the subsequent ability to prioritise 
prevention has been realised in this study. Exposure data in relation to the kind 
gathered here should be collated at the time of the accident investigation. 
Further Studies 
The success of this study relied very much on the quality of injury causation and 
exposure data. 
T.: ' 
The opportunity therefore exists for further refinement of injury causation data, injury 
severity and the application of other methods of exposure data collection. 
In addition, a future study of this type on a water and sewage industry wide basis may 
well explore the effectiveness of initiatives taken to prevent sprain/strain injuries in 
this industry. 
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7. C O N C L U S I O N S 
The study was primarily designed to establish the main sources of severe 
occupational injury in a major Australian water authority, establish severity and 
exposure data for the sources of injury and identify suggestions for prevention. 
The conclusions drawn from this study are: 
• The most severe occupational injuries in the water and sewage authority are 
associated with particular machines, mobile machinery and trucks. 
• There is a link between injury consequences and estimated exposure involving 
machinery and operational procedures in the water authority. 
• Collecting exposure data and using it with accident data improves the ability to 
evaluate the most serious sources of injury. 
• The model is an effective tool to aid the prioritising of prevention activities. 
• The study has confirmed the value of collecting exposure data, particularly as part 
of the accident investigation process. 
i •• 
• Modifications to the machinery involving design and purchasing procedures will 
lead to the prevention of severe sprain/strain injury and subsequent high cost of lost 
production in the water authority. 
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APPENDIX 1 
Exposure Survey Data Sheet 
ENGINEERING AND WATER SUPPLY DEPARTMENT 
EMPLOYEE INJURY EXPOSURE SURVEY - 1992 
YEAR 1989 
AGENCY 
TRUCKS 
-operating 
-loading/ 
unloading 
MOBILE MACHINES 
-operating 
-inspection/ 
maintenance 
DIGGING 
-using shovel 
-using pick 
-using crowbar 
EXCAVATION WORK 
-working in 
-working adjacent 
JACKHAMMERING 
-operating 
STREET BOX/ 
MANHOLE LIDS 
(ALL TYPES) 
-work associated 
with lifting 
PIPES 
-bursts 
-gen. maintenance 
-new installation 
Hours 
• ] 
No: of 
Employees 
1990 
Hours 
• 
No: of 
Employees 
-
1991 
Hours No: of 
Employees 
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APPENDIX 2 
Sample Exposure Data (Sewage Collection Group) 
INCOMING CHOKE CALLS 
16,164 Connections 
2,786 Mains 
3,389 Plumbers 
total 22,339 
17,26i Connections 
2,915 Mains 
3,508 Plumbers 
total 23,684 
17,108 Connections 
2,836 •_'•. Mains 
3,. 7 59 Plumbers 
total 23,703 
SEWAGE COLLECTION GROUP 
A. Total Employees per Group 
B. Tasks completed 
C. Vehicle per Group 
D. Employees per Vehicle 
WORK GROUPS B C D 
Pumping rounds 
"- Choke Trucks 
Maint.Conv.Stn. 
Const./Rehab. Stn. 
Workshops 
vSupervisors 
0ffice,Staff 
cleaning Stations 
Electrical 
Flow Recorders 
2 Man Choke Truck 
1 Man Choke Truck 
2 Man Choke Truck 
Randy Rodders 
T.R.T. 
Special Gang 
Dragging Gang 
G.CT.V. 
Jet Rodders 
4 
4 
3 
6 
5 
12 
• 10 
1 
3 
1 •'•', 
26 
:.
 1 4 
'12 
12 
3 
4: 
9 • 
7. 
• 4'.' 
34 per Person 
5 per Truck 
1 per Day 
1 per Truck 
. Various 
" 
" 
.4 per. Day 
4 per Person 
8 per Day 
. 5 per Truck 
10 per Person 
5 per Truck 
4Q0m. per Day 
600m. per Day 
Various . 
4 00m. per Day 
200m. per Day 
4 20m. per Day 
4 
2 
1 
2 
Nil 
12 
6 
. 1-
3 
•1 
!3 
14,;.. 
6 
6 
' . ' • •
 l
 ' • • " ' • 
i , 
3 
3 
2 
1 
. 2 
3 
3 
Nil 
1 
1 
•1 ' 
1 
1 
.' ••'•• 2 . 
1 
2 
2 
. .3 
4 
3 • 
* 
. 2 
. 2 
19.89-
1991 
1991 
-90 
only 
only 
EMPLOYEE INJURY EXPOSURE SURVEY 
PERCENTAGE per DAY FOR EACH EMPLOYEE 
TRUCKS . 
-operating 
-load/ unload 
% per Day 
15 % 
8 % 
hrs per Day 
1.2 
, .64 
MOBILE MACHINES 
-operating 
- inspection/maint 
60 % 
2 % 
4.8 
.16 
excavation work 
-working in 
— working adjacent 
60 
60 
4.8 
4.8 
MANHOLE. LIDS 
lifting 10 
PIPES • 
-bursts 
-gen. maint. 
- new installation 
60 
60 
60 
4.8 
4.8 
4.8 
ADMIN. DUTIES 
-operation 5. % 
SEWAGE COLLECTION GROUP 
TRUCKS 
p,. Total Employees per Group 
B. Operating 
•C. Loading/Unloading 
D. Vehicle per Group 
E. Employee per Vehicle 
' • • i . 
WORK GROUPS 
Pumping rounds 
? Choke Trucks 
Maint^Conv.-Stn. • •." 
Cons t .7 Rehab. S t nV 
Workshops 
Supervisors •.-'•: 
Office Staff: 
Cleaning Stations 
Electrical 
Flow Recorders 
2 Man Choke Truck 
rl ^ Man - Choke. Truck •• 
^ ManVChbke; ^rilck'-;' 
Randy: Rodders 
T.R.I.- '-: \: : 
SpecialAGang 
Dragging .Gang 
;CiG.Tr.V^ ']>':•. 
Je.t Rodders 
A 
4 
4 
3 
6 
5 
12 -'•••'•"• 
10 
1 
3. 
1 
2 6 
I4. 
12 
12 
3 
" • -
 4 
.12 • 
7 ' 
; 4 : 
B 
4 
2 
1 
.2 
'-
• • ' • ; ' -
• -
. — • 
-
,1 
13 
14 
6. 
.6 
1 ' 
1 
3 . . 
3 
2. 
. • . C 
4 
2 
"2 
2 
* 
— 
— 
. ' • - • 
— 
1 
26 
14 
12 •  
.12 /. 
. 3 
3 
12 
7 
4 
. D 
4 
2 : 
1 
2 
- • • 
12 
6 
1 
3 
1 
13 
''-.;• 14 • 
6 
6 
1 
' 1. ' 
'•••• 3 
. 3. . " 
2 
E 
i 
2 
.3 
3 
-. 
1 
1 
1 
1 
1 
2 
1 
2 
2 
.'3 
4 
4 
,2 
.2 
SEWAGE COLLECTION GROUP 
^ L E MACHINES 
A; Total Employees per Group 
B- Operating 
€•'• Inspect ion /Maintenance 
D. Vehicle per Group 
E; Employee per Vehicle 
WORK GROUPS A B 
Pumping: rounds.;/•/: . 4 
.•-'-•• > ;. Choke Trucks- •.,.' 4 
,Mai,nt>Conv.Stn." ;/ 3 
Coastr/ifebab, Sth;. : . 6 
• Workshops': .. ...; V ;-;- 5 
Supervisors / '^  12 
•Office ;Staf3t \:'['*.' 10 
Cleaning Stations 1 
Electrical' • : -:\: :':/.\. ? 3 
Flow -Recorders 'v :••-•'. 1 
r 2^Man Choke Troick V 2 6 
^Mah^ChQke; Triick /' 14. 
%.Man: Cboke ^ r u c k • 12 
Randy" Rodders, ;: :';•••: 12 
T.^Rvl-~:- J ;.;."•;..; •'"/ -V 3 
S^ecialsGang ; ; .;.,•' 4 
•Dragging Gang • "•'; 12 
;c/C;T.V;";•; .:_' ' . V 7 
Jet Rodders 4 
4. 
3 
6 
5 
1 
3 
1 
2 6 
14 
12 
12 
3 
4 
12 
7 
4 • 
'4 ; 
r3 
6 
•5 
12 
- I 
..:
 3 
' 1 
26 
"1'4." 
12 
12 . 
; ,3 • 
"". .4 
.12 
.7 
2 
SEWAGE COLLECTION GROUP 
STREET BQX7MANHOLE LIDS 
A. Total Employees per Group 
B. Lifting lids 
C. 
D. Vehicle per Group 
E. Employee per Vehicle 
WORK GROUPS A : R 
.Punning;rounds7-•. •••,' 4 
;.-V ^ Choice Trucks- .: 4 
^Maint.Conv.Stn. 3 
^C^nsty/Rebab,SthC:^ 6 
/ W o r k s h o p s ^ r "«-:,J--:'r J:'' 5. 
;. Supervisors^ ••'••'7:'''-..-••> 12 
Office;.Staff ; . ->, .10 
Cleanihg-Stations v 1 
.Electrical s. ;, • -: 3 
Flow" Recorders : 1 
•2vMan Choke Truck 26 
/l':Man Choke Truck 14 
^04an? Chpke :^ruck • 12 • 
Randy" Rodders 12 
T.-k;i^n ;•;/;, V'-^'.V 3 
; Speciai-iGang = vv 4 
Dragging .Gang ; ^ 12 
.•.CiC/T.;vv;;^;; ".:'-;-.'^7. • 
J^t •Rodders .4 
•• 4 
4 
3 
•Y.6 
1_ - « 
•'-. •'--I''?''•••• •/•••• A . 
5-
1 .. 
•••;•: 3 • .•'-.' •A':' 
:
 1 ;",•' •:•'-' •':' 
.. 2 6 :.-'.-.'.'"V-" • " 
.'•1.4- ;',:;fc'.'-;V 
• 1 2 :- ••; 
: .12 '•;.•'•:•.; 
• .:. 3 .. • .  •:• 
4 
•• 12:•••,•. >• ;'.••"•. 
7. 
4 . .''•'. 
• 4 
•2 
1 
- '. 2 
12 
6 
: . 1 " 
: .'. '"' 3 ' 
;. 1 -
1 3 . 
'.• •••"'': 14v-! -
•'• ' 6 
6 . 
1 
1 : 
;
.3 : 
3, 
2 '.. 
"l 
• 2 
3 
3 
1 
1 
1 
1 
1 
'.• ,2 
"•' 1 •-
2 > 
2 
3 
4
 V 
4 
2 
2 
SEWAGE COLLECTION GROUP 
EXCAVATION WORK 
A. Total Employees per Group 
B. Working in 
C working Adjacent 
D. Vehicle per Group 
E; Employee per Vehicle' 
WORK GROUPS A B 
-« « 
Pipping rounds .. 4 ... 
:;;-;-;:T::'- Choke Trucks-; 4 _ 
MaiintvCohy.Stn." ." 3 _ ^ 
CQnst//^Relj^b,Stn^ 6 6 6 
Workshops' r"X.,' ? • 5 _ .••'•_ 
SCtperyisors _ /./•":. 12 '.-.'•''••' 12 
Qffice:•; ^Staff • 10 ;'•,"•-". _ 
Cleaning Stations r 1 -
Electi^icai ; : ;• v 3 ' 3 3 
Flow Recorders ^  .' 1 _ -
2^Man Choke Truck ; 26 - -
•l^Mstx...Choke, Txiick:; 14 ,; ., .-•'•'.'.v • 
JfMan; Choice
 :^ruck ^ 12 •-.";•'".." 
Randy' Rojdd'ers/ :' ; - 12 •".' - - -
Special ;Gang ;• '• 4 4 4 
'Dragging ..Gang 12 -
C%-T..VV ' ,.' ';;'."--:;>V;.::, 7 • . 
Jet Rodders . _-•. 4 ._ - . 
SEWAGE COLLECTION GROUP 
TRUCKS 
-Operating 43 Employees 
43 x 1.2 hr's per Day x 215 Days - 11,094 hrs. 1991 
38 x 1.2 hrs per Day x 215 Days^  '= 9,804 hrs. 1990 
; - loading/unloading 78 Employees 
78 x .64 hrs per Day x 215 Days = 10,733 hrs. 
MOBILE MACHINES 
- Operating 87 Employees , 
87 x 4.8 hrs per Day x 215 Days = 89,784 hrs. 
- Inspection/Maintenance 105 Employees 
105 x .16 hrs per Day x 215. Days = 3,612 hrs. 
EXCAVATIONS 
- Working in 13 Employees 
13 x 4.8 hrs per Day x 10 Days = 624 hrs. 
- Working Adjacent 25 Employees • . - . . • • 
2 5 x 4.8 hrs per .Day x 1.0 Days = 1,200 hrs. 
MAN HOLE, LIDS •• ;•'. 
- Lifting 107 Employees 
107 x .8 hrs per Day x 215 Days = 18,404 hrs. 
